X 


OHIO  STATE  UN IV  COLUMBUS  ELECTROSCIENCE  LAB 
ADAPTIVE  ARRAYS  FOR  AM  AND  FM  SIGNALS. (U) 

FEB  78  R T COMPTON 
ESL-4618-5 


AD-AObi  104 


N00019-77-C-0156 

NL 


UNCLASSIFIED 


1 BHB 

(i 

i-  '.M 

Ha- 

1 

] 

LJI 

i 


SECURITY  CLASSIFICATION  of  THIS  RAOC  (Whtn  Data  tnlarad) 


REPORT  DOCUMENTATION  PAGE 


BEFORE  COMPLETING  FORM 


«■  TITLE  (and  Sutllll 


Quarterly  Report 
9/1/77  - 11/30/77 

G.  Pe/fORMINO  ORO.  RER 


ADAPTIVE 


iRRAYS  FOR 


AND  FM  SIGNALS 


R.T. /Compton,  Jr 


The  Ohio  State  University  ElectroScience/ 
Laboratory,  Department  of  Electrical  Engineering 
Columbus,  Ohio  43212 


Project  #N0i 


I.  CONTROLLINO  OFFICE  NAME  ANO  ADORESS 

Department  of  the  Navy 
Naval  Air  Systems  Command 
Washington,  D.C.  20361 


of  ffifo  Raperl) 


is.  supplement  ary  notes 


Adaptive  Arrays 
Interference  Rejection 
Communications 


This  report  describes  progress  undjer  Naval  Air  Systems  Comnand 
Contract  N00019-77-C-0156  during  the  fourth  quarterly  period.  Research 
on  the  problem  of  Integrating  adaptive  arrays  Into  conventional  modulation 
systems  is  summarized. 


UNCLASSIFIED 

XURlTV  CL AMir"lPVTlON  OF  TMIt  RAGE  fWhm 


ACCESSION 

NTIS 

DDC 

UN1''1"'’  ^ 

I jus  r * 1 


TABLE  OF  CONTENTS 


INTRODUCTION 


PROGRESS 


1.  Implementation  and  Testing  of  the  AM  System 

2.  Studies  on  Dynamic  Range 

3.  Implementation  of  the  FM  System 


PLANS  FOR  NEXT  QUARTER 


INTRODUCTION 

^ This  report  describes  progress  under  NASC  Contract  N00019-77-C- 
0156  during  the  fourth  quarterly  period.  There  are  three  areas  of  work 
under  this  contract.  The  first  involves  experimental  tests  of  an  adap- 
tive array  In  an  AM  communication  system.  The  second  involves  array 
experiments  with  an  FM  communi cation  system.  The  third  consists  of  theo- 
retical studies  of  methods  of  Integrating  adaptive  arrays  into  other 
types  of  conventional  conmuni cation  systems. 

The  AM  and  FM  communication  systems  involve  the  addition  of  a 
binary  phase  switching  modulation  on  conventional  AM  and  FM  signals. 

The  purpose  of  this  phase  switching  is  to  allow  the  array  to  distinguish 
between  the  desired  signal  and  interference.  Implementation  of  the 
system  with  this  phase  switching  requires  an  IF  delay  lock  loop  for  the 
AM  system  and  a Costas  loop  and  baseband  delay  lock  loop  for  the  FM 
system,  in  addition  to  other  minor  circuitry. 


PROGRESS 

During  the  final  quarter  of  this  program,  work  has  been  done  in 
three  areas,  as  described  below. 

1.  Implementation  and  Testing  of  the  AM  System 

The  brassboard  model  of  the  delay  lock  loop  used  for  reference 
signal  generation  has  been  completed  and  tested.  Figure  1 shows  a 
photograph  of  the  completed  delay  lock  loop  and  reference  signal  cir- 
cuitry. This  equipment  has  been  added  to  the  adaptive  array  processor, 
shown  in  Figure  2,  and  a variety  of  tests  of  array  performance  have 
been  performed. 

Figures  3-6  show  typical  experimental  results.  In  these  tests, 
a desired  signal  3 dB  above  thermal  noise  arrives  from  broadside.  A 
CW  interference  signal  arrives  from  off  broadside  with  a progressive 
60°  electrical  phase  shift  between  elements.  Figure  3 shows  the  array 
output  desired  signal  power.  Figure  4 shows  the  array  output  interfer- 
ence power,  and  Figure  5 shows  the  array  output  thermal  noise  power, 
each  as  a function  of  the  input  interference  power.  Figure  6 shows  the 
resulting  output  signal-to-lnterference-plus-noise  ratio.  These  and 
other  data  will  be  the  subject  of  a technical  report  on  the  AM  system. 

2. #  Studies  on  Dynamic  Range 

As  a result  of  the  experimental  work  on  the  AM  system  described 
above,  a study  is  being  done  of  dynamic  range  in  the  adaptive  array. 

The  purpose  is  to  determine  the  optimum  signal  levels,  allocation  of 
loop  gains,  etc,  to  maximize  dynamic  range  in  an  LMS  adaptive  array 
with  practical  equipment  limitations  (multiplier  offset  voltages,  inter- 
modulation distortion,  etc.).  A technical  report  will  be  prepared  on 
this  subject. 
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Figure  4.  Output  Interference  power. 


